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SIMPLIFIED USE OF 5' ENDS OF RNAs 
FOR CLONING AND cDNA LIBRARY CONSTRUCTION 


:eits ar.c 


BACKGROUND OF THE INVENTION 

Cionir.c of DKA sequences encoding expresses p: 
construction of cDNA _i cranes from pc_y a.+ mr-NAs iS- -3- = d i.orr 
cells and tissues is currently performed in accordance with 
procedures outlined in Figure 1. However, the overall process 
is very laborious and has several technical limitations. 
Decreasing activity of the reverse transcriptase enzyme during 
first strand synthesis of the reverse complementary DNA (-; 
strand from the mRNA can result in yieia o_ a crodu-_'_ thot - - 
not full length. In addition, truncations can occur during the 
second round of synthesis to regenerate the corresponding 
"sense" codina ( + ) DNA sequences ircr. the ( - .• DNA S\_rar.._. Fc_ 
abundant mRNAs , a comp-ete fuii ler.gcn secona s^r=.nd _s no. 
always required as there is a grea_=r iiKS_ihocd fc. 
over lapping cDNAs that span a complete coding region. However, 
for smaller quantities cf mRNA a full length stranc may be only 
represented a few times . 

As outlined in Figure 1, the current procedure alsc 
reouires homopolymeric tailing of both the cDNA sequences an - 
the restriction digested cloning vectors, thus doubling tr.e 
amount of manipulation involved. In addition, homopolymeric 
tailing of the vector results in loss or tr.e ongina. 
restriction site thereby limiting the ease o. sucsequen- 
excision cf the cloned cDNA region . t- _.ie > — ar.sf — . to o t h r . 
expression or amplification vectors. 
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Accordingly, improvemer.es 
sequences for use in the clonin': 
oroteins and in the construction t 


c simplify cloning of m.RNA 
of cDNAs for expression of 
• cDNA libraries are desired. 


SUMMARY OF THE INVENTION 

In the present invention a simplified method or 
directional cloning is provided. This method can be used, for 
example, in the cloning of the 5' ends of cDNAs. The present 
invention differs from prior art cloning methoas requiring 
homopolymeric tailing of both cDNA sequences and restriction 
enzyme digested vectors along with complete second strana 
synthesis before homopolymeric tailing. The metned or tr.e 
present invention improves the efficiency of the cloning of 
5'cDNA ends thereby increasing tr.e likenhocc o_ u_ting 

full-length cDNA libraries comprises of overlapping cDh.H 

subsequences . 

The present invention uses oligonucleotides er.cocing 
restriction sites to create local double - stranded regions upon 
one first strand cDNA product of reverse transcriptase. Tr.e 
double-stranded regions are cleaved by double - strand requiring 
restriction endonucleases and serve to j.imi._ ths reg*c..s to 
replicated in a second (*) strand synthesis. Use of these 
oligonucleotides also increases the accuracy of replication o_ 
the entire shorter (-) cDNA strand to yield more of the 5' ( + ) 

cDNA sequences necessary for obtaining a tuil representation o: 

the entire rr.RNA coding sequence. 

The method of the present invention also uses an 

oligonucleotide primer containing the same restriction site 

that is homopolymerically tailed to complement the 

, - ,n„ esiior v end o^ the (-) cDNA strand. The 5' 

homopoiymencally tailed j enu 

end of this primer hybridizes to the palindromic complement 3' 
end of the restriction digested !-> cDNA strand thereby forming 
a more stable and replication competent gapped s ingle - stranded 
circle. The resultant double- stranded product contains a 
unique copy of the targeting restriction site encoded by the 
priming oligonucleotide. Cleavage at this site yields double- 
'stranded cDNA containing pairs that can be directly ligated 
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into appropriate multiple cloning sites o- commercial evening 
and expression vectors. Since the restriction s.te is 
preserved and flanks the cDNA insert, the desired cDNA 
sequences can be readily excised and transferred to other 
5 vectors if necessary. 


BRIEF DESCRIPTION OF THE FIGURES 

1 j_s a schematic detai-ing the steps required by 
prior art procedures used to obtain cDNA clones frox poly A-r 
mRNA . A complete set of clones containing different cDNAs 

1C representing all possible coding sequences derived from 

isolated mRNAs constitute a cDNA library. Regions of RNA, 
first strand {-} DMA and second strand (+) CM A are indicated by 
different stippling patterns in tr.e cars. Tr.e nucleotide 
sequences of homopolymer ic tailings are indicated m cold type. 
15 Steps are numbered sequentially as indicated. Tncse -is.ea on 
the left are for preparation ci cuMA. Those listed on the 

right are for oreparation or the evening vector. 

Figure 2 is a schematic detailing the steps or tne met hoc 
of the oresent invention wnen used tor octa in mg cDNA clones. 
2 0 The left portion of the figure show the method for cDNAs 

derived from oligo-dT priming. The right portion of tne ngure 
shows the method for random priming of the poly Ar mRNA. 


DETAILED DESCRIPTION OF THE INVENTION 

The Dresent invention provides a method Oi d_rectior»al 
2 5 cloning which uses the 5 ' ends of RN.-.s , for example, uo ob<_air. 
cDNA clones. A detailed schematic of the method of the present 
invention being used to produce cDNA clones is provided m 
Figure 2. In this embodiment, oligo-dT or random priming of 
poly A+ mRNA is used to generate (-5 first strand cDNAs. These 
30 cDNAs are then homopolymericaily tailed w_th dG or dC using 
terminal deoxynucleot idyl transterase . After taxiing, .he 
heteroduplex is denatured by heat and the mRNA removed by 
alkaline hydrolysis or RNAse digestion '-w vie ^.c single- 
stranded (-) cDNA. The single- stranded ! - 1 cDNA is the mixed 
35 with an’ first oligonucleotide incorporating a palindromic 
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restriction site m the middle which is flanked on bo^'n the 5 
ard 3' sides with at least two completely d-g—*era»e 
nucleotides. In a preferred embodiment the first 

oligonucleotide consists of ten bases, inc-uding <= 6 base 
5 palindromic restriction site, such as that fcr EcoRI, flanked 
bv two degenerative nucleotides, as the ten base overall length 
allows a high degree of specificity of targeting with 
reasonable anneanng temperature. However, 

oligonucleotide can be longer to incorporate other palindromic 
10 restriction endonuclease recognition sequences. Examples of 
restriction endonuclease recognition sequences which can be 
used include, but are not limited to, Bglll, Cla I, EcoRV, SacI, 
!'»in T Sma I , SaMil. Xba I, Sail, Acc! , -Aval, Perl, SphI , Hindlll , 
;,_-T NsiZ , NOCI, SfiZ, Aval, NcoZ , S tul, Noel, PvuZZ . ana 
13 XhcZ . After mixing, the ol igonucleot ide - cDNA mixture is slowly 
cooled from. S0°C to 27 = C and the cognate restriction enzyme is 
added. The resulting annealed, short double -stranded DNA 
moments correspond to the positions of these restriction sites 
or/ the (-> cDNA. Cleavage by the cognate restriction enzyme 
20 yields single-stranded cDNAs bound or. their 5' end by the 
m sticky end" left by the restriction enzyme used and on tneir 

, , , at t -r^rr Thus the method cf the 

2' end by a poly-a^ or -ac tract. 

-i-i _ fa.n* C l0clV3G£ Oi_ >-h6 

present invention allots spec i tic s _ < — ~ - 

sira 1 e - stranded {-> cDNA thereby eliminating the need ror 
25 second strand synthesis of the entire .*> cDNA to provide the 
double -stranded restriction site as in prior art methc-cs. 
Accordingly, the present invention is much simpler and requires 
less time than the prior art methods. Further, considerably 
smaller amounts of oligonucleotide triphosphate reagents are 

3C required. 

A second oligonucleotide comprising nucleotides 
complementary to Che 3 ' end of Che cD>:As and containing Che 
same restriction site as in the first oligonucleotide is then 
annealed to the 3' poly-dG or -dC tailed single-stranded (-) 
35 cDNA by a similar cycle cf heating and slow cooling as 
described above. Since this single - scrar.ded (-) cDNA contains 
rhe CO g n ate "sticky end" at its 5' terminus, the 5' enc can 
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loop back and also anneal to the seconc c_ -gonucleot ide at the 
restriction site. The resulting primec and gapped single- 
stranded {-} cDNA is stabilized and rendered replication- 
competent for second strand synthesis c: (+;cDNA by the 

5 addition of a DMA polymerase and DNA _ i ga ^ - • Since the cDNA 

region to be reDlicated is shorter tnan -he crigxnal full- 
length sequence, the likelihood of it ce - ng completely and 
accurately replicated is increases ever standard methods 
reau i ring the traverse or a longer region of (-) cDNA. The 
10 resulting double-stranded closed-circular cDNA is readily 
ssosrstsd from linear single- st rinds - fragments and 

t r inucleot ides by spin column chromatography cr agarose gel 
electrophoresis . 

In addition, the resultant double - stranded cDNAs are 
n- i y linearized witr. tne cognate restriction enzymes - ^ 

regenerate n sticky ends" . compatible — o _ >-* — e c u — igat j_o.. into 
vectors similarly linearized. Tnis eliminates tne extra effort 
in homopolymeric tailing of the vector c r _ t r to insertion cf 
the cDNA by trior art methoos . Further, tne metr.od of present 
20 invention ore serves the cloning restriction site thus allowing 
excision of the desired cDNA s6Cutnc6o t>y the same 
restriction enzyme . 

As will be obvious to those ot ~ k _ — — n he ar^_ upon 

reading this disclosure, the directional cloning method cf the 
25 orssent can also be usee, in different embedments. For example, 
by utilizino a comolete set of ol igonucieo-ides containing the 
common restriction sites utilized in the multiple cloning sites 
of olasmid or phage vectors, the present method can be used to 
provide a comolete set of restriction s^lS delimited cDNA 
30 sublibraries which would greatly faciiiia.s both cloning arid 
sequence analysis of cDNAs . A mRNA car. be effectively scanned 
for all potential restriction sites rher-oy ensuring that a 
cDNA sublibrary would encode the corresponding desired 5' ends 
for almost all encoded mRNA. 
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What is Claimed: 

1. An improved method of directional •- cnmg o 

comprising annealing a ' first oligonucleotide encoding a 

restriction site to single-stranded (-) cDNA» create 

, j j i c DNA so that 

5 stranded regions on the single - stranded • 

^ ^ j / \ c- rand synthesis are 

regions to be replicatea in a second (-.• s-ra^a sy 

limited . 

_ n c ny -t- Vior sine annealing 

2. The method or claim 1 further cap.^i ~ 

a second oligonucleotide encoding the restriction site and 

10 having a homopolymeric tail complementary to a nomopo.ymeric 

^ai 1 at the 2' end cf the single - strandec •-) cDNAs uO the j 

— s T a r o form a staoi- 

end cf the s ingle - stranoea •• - ; cDNA s — «— _ 

. . • __ —'"■t. qacced single - scra-dsu c “ Cj 

reoncat ion c^mpe >- a a . u . u 3 

F c - r- tne seccna 

. . ; j n - che restriction s_t_ 

hvDridiZa _-Oi. 9_ . . 

15 oligonucleotide to the restriction site of the sir.g.e-scran e= 

( - ) cDNAs . 

3. a method of cloning DNA comprising: 

■ a ) priming poly A+mRNA to generate (-) nrststrana 

Co) homopolymeric ally tailing the (-) ftrst strata 

cDNAs to form a heteroduplex; 

(C ) denaturing the heteroduplex; 

id) removing the nRNA to yield a single- stranded ( - / 

cDNA; 

(e) mixing the single-stranded (-> cDNA witn a first 
oligonucleotide, said oligonucleotide comprising a restriction 
sites, to produce annealed, short, double*- stranded DNA segments 

^ f rhp rescriccion site on tne 

corresponding zo positio 

single-stranded (-) cDNA; 

(£) cleaving the double-stranded DNA with a 

restriction enzyme specific to the restriction sites to yield 
single-strand cDNAs bound on their 5' end by a sticky enc left 

enzymes ana on their 2' end by a poly - dG or 

oy tne restriction 
-dC tract; 


20 


25 


30 
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cDN'As and ccr 
oligonucieot 
that the 5' ■ 
also anneal 
site to forrr. 

orimed and g 


- 7 - 

g; annealing a second oligonucleotide comprising 

t-h<= •» ' ^rd of the single-stranded 
:cmplementary to tne - ~-‘- u a 

staining the same restriction site as in the first 
ide to the 3' end of the single-stranded cDNA so 
in d of the single -stranded c DNAs can loop back and 
to the second oligonucleotide at the restriction 
primed and gapped single-stranded {-} cDNAs ; and 
i) adding DNA polymerase and DMA ligase to tne 
aoDed single -strandec • - ) cuNAs. 
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